Nucleobase rotation about bonds with transition metal ions has been intensively studied for purine complexes of d s-a2Pt(II) (with a = N H 3 or amine) [1] [2] [3] [4] [5] [6] [7] [8] [9] . Results obtained from these studies are considered meaningful with regard to the second step (chelate closure) of reactions of the antitum or agent d s-a2PtCl2 with DNA. Favorable or unfa vorable interactions between the am(m)ine li gands at the platinum atom and exocyclic groups of the nucleobases in the vicinity of the metal co ordination site are crucial as far as rotational b ar riers are concerned [5, 7, 8] . Although this aspect has been studied in detail for /V7-platinated p u rines only, it is of even greater significance to N3-platinated pyrimidine nucleobases. Qualitatively, we have dem onstrated in many instances that binding of a second metal ion to a TVJ-platinated pyrimidine base (uracil, thymine, cytosine) has a We have now applied the very same principle to a related system, namely to fra«s-[a2Pt(l-M eC -N3)2]2+ (1-MeC = 1-methylcytosine) for the following reasons: First, the aspect of nucleobase rotation has hardly been studied in complexes of trans-a2Pt(II) [13] ; second, we have recently been able to characterize a series of heteronuclear com plexes of this compound with the two (deproto nated) nucleobases arranged head-head [14] [15] [16] ; third, we found that removal of the heterom etal by a suitable nucleophile can be sufficiently fast, and subsequent ligand rotation sufficiently slow, to permit crystallization of the minor rotam er (headhead) of rra/7s-[a2Pt(l-MeC-/V3)2]2+ from aqueous solution. To the best of our knowledge, this is the
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Results and Discussion
Reaction of rram -a2Pt(II) with 1-methylcytosine (1-MeC) yields the mono-and bis(nucleobase) complexes. Representative examples have been crystallized and X-ray structurally characterized [17, 18] . For a = N H 3 or C H 3NH 2, the bis(l-M eC)-complex was the starting material of a series of heteronuclear complexes [14] [15] [16] . From its 'H NM R spectrum [14, 19] the existence of two rotamers has been deduced.
H ead-tail rotamer 1
Slow (days) crystallization of an aqueous solu tion containing rra«5-[(CH3NH 2)2Pt(l-M eCAtf)2](C104)2 (1) gave colorless crystals of this compound. 'H NM R spectroscopy (D 20 ) of 1 re vealed the existence of a single species, but with time (vide infra), appearance of a second, minor species was detected, which later turned out to be a second rotamer. X-ray analysis showed that 1 was the head-tail rotam er of the title compound. Fig. 1 gives a view of the cation of 1. Atomic coor dinates and selected distances and angles are given in Tables I and II . The structure of the cation of 1 is very similar to that of the corresponding N H 3 compound [18] , with the two 1-MeC nucleobases arranged head-tail, coplanar to each other, and at a 88.8(3)° angle with the square coordination plane of Pt. N either bond lengths nor angles are unusual. Interm olecular H bonding takes place be tween perchlorate oxygens and amino groups of (20) 1475 ( .T* ,NH2 H2N
/a V a (1). and 2) with HgO in water gave the mixed Pt(II), Hg(II) complex fra«s-[(CH3N H 2)2Pt(l-MeC~-Ar5,/V4)2Hg]2+, which has previously been isolated and characterized by NM R spectroscopy and Xray analysis and which contains the 1-methylcytosinato (1-M eC ) ligands exclusively in a head-head arrangement [16] . As we have previously shown, this heteronuclear complex reacts with a series of nucleophiles (various amino acids, peptides, nucleobases) with removal of Hg(II) and reform a tion of rram'-[(CH3N H 2)2Pt(l-MeC-j/V3)2]2+. Like wise, the mixed Pt(II), Pd(II) complex behaves similarly in the presence of acetylcysteine [15] . It was during this work when we realized that the initially formed head-head rotam er 2 rearranges to the (in water) preferred head-tail species 1 at a rate that made isolation of 2 feasible.
Angles
2 was isolated on a preparative scale as its C104-(2a) and its PF6-(2b) salt. X-ray analyses were carried out for both compounds, but the re sults of both structure determ inations were not fully satisfactory in that standard deviations in bond lengths and angles were relatively large. We assume that in both cases the poor crystal quality as a consequence of rapid crystallization is respon sible. Atomic coordinates are listed for 2a and 2b in Tables III and IV , respectively, and few struc tural details are given in Table V . A dditional data are given in the supplementary material only since a detailed discussion of 1-MeC geometries is not meaningful. Nevertheless, the crystallographic data fully confirm the head-head arrangem ent of the two bases in both compounds. Fig. 2 gives views of the cations of 2a and 2b. There are no unusual structural features in the case of 2a that make the cation markedly different from that of 1, except for the difference in nucleobase orientation and the dihedral angle between the two bases, which is 18.5(10)° in 2a as compared to 0° in 1. The two nucleobases are at right angles to the Pt coordination planes, the dihedral angles being 91(1)° for the ring bound via N(3) and 97.8(9)° for the second ring. As in 1, there is H bonding be tween the exocyclic amino group of 1-MeC and perchlorate oxygen atoms.
In contrast, in the cation of 2b the dihedral an gle between the two nucleobases is large, 56(1)°, and consequently the angles between the bases and the Pt coordination plane are smaller than in 2a, 62(1)° for both 1-MeC rings. In all X-ray struc- turally characterized examples of bis(nucleobase) complexes studied to date, the two bases are either strictly coplanar or form a rather small propeller twist only. The largest dihedral angle between two nucleobases in a complex of trans-a2Pt(II), found in a m etalated Hoogsteen pair between thymine and adenine [20] , is 12°. With 2b it thus appears that, even in the solid state, the nucleobase coordi nated to N(3) is about to rotate. As a consequence, the N( 
Fig. 2. View of the cations of the head-head rotamers of fran5-[(CH3N H 2)2P t(l-M eC -N J)2]X2: X = C104-. 2a. (top) and X = PF6-, 2b, (bottom).
ened. A nother interesting feature of 2b is the role of the w ater molecule, which is involved in H bond formation between pairs of 0 (2)/0 (12) oxygens of one cation and N(4)/N(14) amino groups of an other (Fig. 3) . H bond lengths are 2.63(6) (O (lw )-0 (1 2 )), 2.79(5) (0 (lw )-0 (2 )), 2.88(6) (O (lw )- N (14)), and 2.92 (7) A (0(lw )-N (4)). In contrast to 1 and 2a, the anion (P F 6-) does not form H bonds with the N H 2 groups of the methylamine ligands. The role of the water molecule in stabiliz ing a particular nucleobase 'ensem ble', as seen in 2b, lends further support to our proposal that such interactions are im portant [20] [21] [22] .
Rotam er interconversion in D 2O
The interconversion of the two rotam ers in both directions (2^-1 and 1 -^-2) has been studied by 'H NM R spectroscopy. In Fig. 4 the change of the 1-MeC H(5) doublet upon dissolving pure 2 in D 20 (22°C, pD 7.2) is shown. In the first spectrum, recorded 11 min after the start of the experiment, resonances due to the head-head form 2 still domi nate, but after ca. 8 h, the equilibrium mixture 1:2 ~ 70:30 is reached (Fig. 5) . Interconversion rates 2 -» 1 were m easured at four different temperatures, between 22°C and 37°C. In a similar experiment, crystalline 1 was dissolved in D 20 and the appear ance of resonances due to the rotam er 2 was fol lowed (Fig. 6) . Kinetic and thermodynamic param eters for the rotam er interconversion 2 -^1 are listed in Table VI . The half-life for disappearance of 2 is 2h at 22°C. The process 2 -> 1 in water is entropically driven (AS° = 33.8 J m oH -K '1), imply ing that the solvent molecules are more tightly 
195P t N M R sp ectra
The ,95Pt NMR spectrum of an equilibrium mix S o lv e n t e ffects on ro ta m e r e q u ilib riu m 'H NMR spectra of 1 or 2 in DM SO-d6 or DMFd7 are, with equilibrium reached, similar to the spectra recorded in D20 in the sense that a major and a minor species are observed (Table VII) . The relative intensities are ca. 73:27 in both solvents at 22°C. However, the relative intensities are re- versed as compared to D 20 and the kinetics of the equilibration leave no doubt that in DMSO and DM F it is the head-head rotam er 2 that is pre ferred over the head-tail rotam er 1 . This finding points to a significant solute-solvent interaction, and we propose that differences in H bonding interactions are responsible (Fig. 7) : Thus H bonding between O of DMSO or DM F to the two N H 2 groups of 1-MeC can stabilize the headhead rotam er 2. While water, as seen in the solid state structure of 2b, can behave in a similar fash ion (Fig. 7c) , in the presence of a large excess of solvent, H bonding between H20 and a mixed N H 2, 0 2 environment appears to be more favor able (Fig. 7b) . We are aware that this view may be oversimplified since it ignores additional interac tions between solvent molecules and the cation rra«5-[(CH3NH 2)2P t(l-M eC )2]2+ . Specifically, if simultaneous H bonding of the solvent with NH protons of the amine ligands at the Pt and exocyclic nuclebase groups is considered -such a situa tion has been observed in the mixed nucleobase complex fra/7s-[(NH3)2Pt(l-M eC -N 3 )(7 ,9-Dim eG)]2+ (7,9-DimeG = 7,9-dimethylguanine) [22] -a modification of this model may be neces sary. However, at least in the case of 2 in DMSO, the preference for the head-head orientation of the two nucleobases appears to be more consistent with our simple model.
Conclusions
In this work we have outlined a way of isolating a rotam er form of a bis(nucleobase) complex,
(head-head), which in aqueous solution represents the minor form and, under normal circumstances, does not crystallize from water. The route via a hetero nuclear derivative and subsequent selective re moval of the heterom etal should also be applica ble to other sytems, notably to bis(pyrimidine nucleobase) complexes of ds-a2Pt(II). The solvent dependence of the rotam er equilibrium, which we learned to understand only following the crystalli zation of 2, may ultimately provide an alternative route of isolation of different rotam er forms of a particular compound.
As far as structural aspects are concerned, some of the features of 2b are unique and unprece dented in Pt nucleobase chemistry. They may prove to contribute to the understanding of the stereochem istry of ligand rotation processes in square-planar Pt(II) compounds. [16] were prepared as described.
'H and 19:1 Pt NMR spectra were recorded on a Bruker AC 200 and a Bruker DRX 400 FT NMR spectrom eter using D 20 and DMSO-d6 (with TSP as internal reference) and DM F-d7 (with TMS as internal standard) as solvents. 195Pt NMR chemi cal shifts were referenced to external Na2PtCl6. For aqueous solutions the pD values were deter mined by use of a glass electrode and addition of 0.4 to the pH -m eter reading.
1 was obtained by reacting the diaqua species of frans-(CH3N H 2)2PtCl2 (4 mmol of trans-(CH3N H 2)2PtCl2 with 8 mmol of AgC104 stirred for 3 d at 40°C in water) with 8 mmol 1-methylcytosine after 5h at 80°C. The solution was evapo rated to dryness and the colorless precipitate was recrystallized from hot water. Slightly yellow cubes of 1 were isolated in fractions over several days with a 74 % yield. Elemental analysis data for C, H, N were satisfactory. !H NMR spectra indicated the presence of a single component. A ttem pts to crystallize the N 0 3-salt quickly were unsuccessful due to its good solubility in water. However, addition of NaC104 (for compound 2a) and K2PF6 (for compound 2b), respectively, p er m itted fast crystallization (2h) from water at 4°C and gave colorless cubes in ca. 60% yield each. 'H NM R spectra recorded immediately after sample preparation indicated the presence of single com ponents for both salts.
Crystal structure determination*
Crystal data for C 12H 24Cl2N8O 10Pt (1), C 12H 26C12N80 11 Pt (2a) and C 12H 26F 12N80 3P2Pt (2b) were collected on a Nicolet R3m/V single crystal diffractom eter using graphite-monochromated M o-Ka radiation (A = 0.71073 Ä). Unit cell param eters were determ ined from 10 reflections for 2a (15.3 < 2 0 < 26.9°), from 49 randomly se lected reflections for 2b (14.5 < 2 0 < 287°) and from 15 reflections for 1 (6.1 < 2 0 < 14.7°). Inten sity data were m easured at variable scan speeds using an 20/co scan technique. D ata were empiri cally corrected for absorption via t/;-scans. The crystals of C 12H 26F 12N80 3P2Pt (2b) and C i2H 26Cl2N8O n Pt (2a) scattered very weakly and were of poor quality due to the fast crystallization so that the quality of the data collection only justi fies a description of the coordination pattern. Crystal data and experimental details are listed in Table V III and supplementary Tables SI-SIII. The structures were solved by Patterson and Fourier methods and refined by full-matrix least squares applying the SHELXTL PLUS program [25] Tables I, III and IV.
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